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Abstract 
Vegetation cover change has a profound influence on the hydrological cycle. A reduction in vegetative cover from forest 
harvesting generally increases the average surface runoff volume and total water yield for a given area of land. The differences of 
structure and land cover type are the main baseline in this research to understand the hydrological response of catchment. This 
research is using two catchment experiments, pine forest and mix-plant forest catchments. Plantation forest with clear cutting 
system in the mountain area is very sensitive with the changes of runoff and soil erosion. This study investigated the impact of 
vegetation changes on rainfall-runoff response in different type and periods of Pine forest plantation from their respective 
forestry treatments. The result shown that in the 7-year old mix-plant forest, direct runoff, peak discharge and runoff coefficient 
are dramatically increased than that in the 37-year old pine forest. 15 years after planting, direct runoff, peak discharge and runoff 
coefficient are decreased and reaching to the 37-year old pine forest responses. Implementation of a mix-plant forest method is 
effective in controlling the hydrological responses of direct runoff, peak discharge and runoff coefficient. The results showed that 
the magnitude of runoff during different forest treatments depend on interactions among rainfall, forest cover changes and 
surface disturbance. Forest management practices should consider and attempt to minimize disturbance during each plantation 
stage to control runoff response. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Sustain Society. 
Keywords: rainfall;runoff;catchment experiment;pine forest;mix-plant forest 
 
 
* Corresponding author. Tel.: 62-274-550542; fax: +62-274-550541. 
E-mail address: hsuryatmojo@ugm.ac.id 
© 2015 Published by Elsevier B.V This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Sustain Society
308   Hatma Suryatmojo /  Procedia Environmental Sciences  28 ( 2015 )  307 – 314 
1. Introduction 
Water related disaster is one of the major issues confronting human kind and environment today. The problem 
arises due to the rapid development from forested area to development area to accommodate population growth. 
Forest degradation is a serious environmental, social and economic problem. Forest degradation involves a change 
process that negatively affects the characteristics of a forest such that the value and production of its goods and 
services decline. This change process is caused by disturbance (although not all disturbance causes degradation), 
which may vary in extent, severity, quality, origin and frequency. Disturbance may be natural (e.g. that caused by 
fire, storm or drought), human-induced (e.g. through harvesting, road construction, shifting cultivation, hunting or 
grazing) or a combination of the two. Many tropical forests of the world are being managed unsustainably, generally 
due to the intensity of the timber harvest and the lack of adequate techniques to preserve sustainability, that is, to 
preserve ecosystem structure and function and to ensure the ability of the forest to regenerate populations of 
desirable tree species. Suryatmojo et al.1 have synthesized results of catchment experiments, which have clearly 
demonstrated that reduction in forest covers will increase the amount of stream flow and erosion.  
One of the common forms of land use change in humid tropical regions is the clearance of ground vegetation in 
association with timber harvesting, agricultural cultivation, mining, residential, and recreational development1,2. The 
presence of soil erosion in forests is a prime indicator of forest degradation. Soil erosion can have a major impact on 
a range of forest services – it reduces water quality, pollutes watersheds with nutrients and sediments, and is an 
indicator and cause of reduced soil fertility (and potentially, therefore, reduced forest productivity). In an extreme 
form it can also restrict access to the forest and hinder the extraction of products such as timber4. Land surface 
modification that involves the removal of vegetation cover severely alters near-surface hydrologic processes and 
accelerates surface erosion5, potentially resulting in a variety of on- and off-site consequences such as reduced site 
productivity, degradation of downstream water/habitat quality, channel morphology and water balance6,7,8,9,10,11.  
Watershed as a hydrological system are composed of 3 main component, input is rainfall, process is watershed as 
water regulator, and output are runoff, sediment and nutrient element. The main elements are soil, land use, land 
cover, topography, and slope. In some condition with variation of rainfall, pattern and type of land cover, kind of 
soil, geology, topography and watershed morphometric in together will influence to water flow. When the variation 
of rainfall, kind of soil, geology, topography and watershed morphometric are the same, the water discharge is 
influence by pattern and type of it land cover. Catchment characteristic in rainfall response will influence the volume 
of evapotranspiration, infiltration, percolation, overland flow, soil moisture and river flow. In the Java Island, 
Indonesia, plantation forest is dominant and managed by a semi-private company, PT PERHUTANI. Forest in the 
mountain area is planted with Pine (Pinus merkusii), while in the lowland area is planted with Jati (Tectona grandis). 
Plantation forest with clear cutting system in the mountain area is very sensitive with the changes of runoff and soil 
erosion. This study investigated the impact of vegetation changes on direct runoff, peak discharge and runoff 
coefficient in different type and periods of Pine forest plantation from their respective forestry treatments.  
 
2. Materials and Method 
2.1. Study Site 
The study area located at Karang Tengah sub-district, Wonogiri District. It is around 75 km southeast of 
Wonogiri city. It is lies between longitude 111º03’30” - 111º04’55” and latitude 8º01’20” - 8º02’05” with the 
altitude ranged from 580-1,000 m. Surficial geoglogy of this area is dominated with carbonate rocks non-karst. The 
average annual precipitation is ranged from 1,922 to 3,489 mm12,13. 
2.2. Experimental Catchment 
The pair-catchments method was used in the study which two experimental catchments were established side by 
side (Fig.1). This research was conducted in two small catchments of Pine forest with different type of vegetation 
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structures. The pine forest catchment is located on the upstream area of Grindulu watershed and the mix-plant forest 
catchment is located on the upstream area of Gajah Mungkur reservoir. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Catchment Experiments: Pine forest (right) and Mix-Plant forest (left) 
 
The area of Pine forest catchment is 93 hectares and mix-plant forest catchment is 53 hectares. Hereafter, these 
catchments are referred to as the “catchment A” and the “catchment B”, respectively. Vegetation structure in 
catchment A is monoculture with 37 years old and used as control catchment. Vegetation structure in the catchment 
B contains pine (Pinus merkusii) with 15 years old, mahoni (Swietenia macrophylla), coffee (Coffea canephora) and 
puspa (Schimawalichii). Individual terrace for soil conservation treatment was implemented in the mix-plant 
catchment. Two times investigation during 7-year and 15-yearforest ages were applied into the catchment B in order 
to see the change of hydrograph responses following the establishment of the mix-plant forest. Each catchment outlet 
was installed with Triangular Flat-V weir to investigate the hydrological responses in the catchment (Fig. 2). 
Physical characteristics are given in Table 2.114. 
 
a. 
 
b. 
 
c. 
 
Fig.2. (a) Triangular Flat-V weir; (b) Weir in the catchment A; (c) Weir in the catchment B 
 
   Table 2.1 Physical Characteristics of the Two Catchments. 
 
Catchment Drainage area (km2) Catchment Shape Main river length (km) Drainage Density 
(km/km2) 
A 0.93 0.55 1.38 4.48 
B 0.53 0.37 0.9 3.72 
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2.3. Vegetation Structure 
Forest canopy cover were monitored in a permanent sample plot (PSP) in catchment, as shown in Fig. 3 and 4. 
PSP are used for the long-term observation of forest growth, including measurements of diameter increment, 
volume increment and stand structure dynamics. The PSP consisted of 0.04 hectare of forest area that was randomly 
located in the middle slope of catchment. 
 
 
Fig.3. Picture of forest floor and vegetation structure in the catchment B after 15 years plantation 
 
Fig. 4. Horizontal projection (left) and Vertical projection (right) in the catchment B after 15 years plantation 
 
2.4. Observation and Analysis 
To clarify the characteristics of rainfall among two catchments, an automatic tipping-bucket rain gauges (logging 
time, 10 min) were installed near the catchment. Water-level loggers with a time interval of 10 min were installed at 
each catchment outlet. Water discharge was measured with a current meter. Suspended sediment was measured 
using a raising stage suspended sampler above the bed layer.  
Individual rainfall event data and hydrographs were collected for each catchment. The hydrograph analysis was 
undertaken by dividing the runoff into direct runoff and base flow using a straight-line method and then calculating 
the direct runoff volume for each hydrograph of each catchment. Direct runoff is the sum of surface runoff, 
subsurface flow, and channel interception. This is the part of the hydrograph of interest when floods and flood-
producing characteristics of catchments are analyzed. Soil erosion was calculated from the suspended sediment 
concentration (SSC). The two catchments were analyzed by comparing the direct runoff (DRO), peak discharge (Qp) 
and runoff coefficient (C) to understand the hydrological impact of vegetation changes. 
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3. Results and Discussion 
3.1. Direct Runoff 
The hydrologic behavior of small catchments tends to be different from that of large catchments. A small 
catchment is very sensitive to high-intensity rainfall of short duration and to land cover characteristics1,15. The 
response of the runoff hydrograph to rainfall in the two catchments was investigated during January - April 2006 and 
March - June 2014. The changes of direct runoff resulting from the different type and periods of forest plantation 
showed in Fig. 5. 
Fig. 5. Relation between rainfall and direct runoff in the catchment A and B during investigation periods. 
 
Direct runoff in the catchment A is the lowest response to rainfall than in the catchment B. Direct runoff from 
rainfall events in the catchment B at 7-year old plantation increased to 77.8% than in the catchment A (Fig. 5). This 
indicates that low canopy cover in 7-year old plantation had influenced the direct runoff amount in the catchment B. 
15-years after plantation, direct runoff in the catchment B decreased to 34.5% than in the catchment B at 7-year old 
plantation.  
Forest plantation has opened up dramatically the canopy cover in the catchment B during clear cutting. The large 
open-forest area reduced forest interception and transpiration, increasing net rainfall reaching the forest floor and 
increasing soil moisture. Logging using heavy machinery significantly increased soil compaction and reduced 
infiltration capacity, particularly on the logging roads and skid trails17,18,19,20. These conditions created quick runoff 
responses that were dominated by surface flow, and also increased the ratio of rainfall to runoff in the catchment. 
Development of mix-plant forest with combining several species to enrich the forest canopy layer and structures 
have effective to control the direct runoff in the catchment. 15 years after plantation, the direct runoff response has 
decreased and reaches to the direct runoff in the old plantation at catchment A.  
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3.2. Peak Discharge 
The peak discharge response of a catchment area subject to a rainfall event is a function of a number of variables. 
The peak discharge will reflect aspects of rainfall rate, space-time variability, and watershed characteristics such as 
soil moisture and infiltration capacity, groundwater table elevations, land use/land cover, and geomorphology. The 
relative importance of these factors depends to a great extent on the runoff production mechanism and scale of the 
catchment16. 
Fig. 6. Comparison of peak discharge (Qp) between catchment A and B during different periods of investigation. 
 
Fig.6. shows the peak discharge in the catchment A shows in the lower response to rainfall than in the catchment 
B. The old pine forest plantation with high canopy cover is effective to control the rainfall by its forest hydrological 
processes start from canopy interception, trough fall, stem flow, forest floor retention and infiltration capacity. 7 
years after mix-plant in the catchment B, the peak discharge response has increased dramatically to 5.7 times than in 
the catchment A. 15 years after plantation in the catchment B, the peak discharge response tends to be decreased 
than at 7-year old plantation. The results indicates that the development of mix plantation in the catchment B 
potentially to control the surface runoff in the catchment. Canopy structure and divers species are effective to control 
the rainfall in the catchment. Development of plant-roots has potentially to increase the soil porosity and infiltration 
capacity. Implementation of individual terrace in the catchment has contributed to speed down the surface runoff 
flow. That forest retention has strong relationship in order to control the surface runoff. 
 
3.3. Runoff  Coefficient 
The runoff coefficient (C) is a dimensionless coefficient relating the amount of runoff to the amount of 
precipitation received. It is a larger value for areas with low infiltration and high runoff (pavement, steep gradient), 
and lower for permeable, well vegetated areas (forest, flat land). A high runoff coefficient (C) value may indicate 
flash flooding areas during storms as water moves fast overland on its way to a river channel. 
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Fig. 7.Comparison of runoff coefficient between catchment A and B during different periods of investigation. 
 
 
The ratios of rainfall-direct runoff in the catchment A, B at 7-year and 15-year old plantation were 8%, 14% and 
9%, respectively. The results indicates that water yield in the catchment B at 15-year old plantation increased 59% 
higher than at 7-year old plantation (Fig.7). 
Both catchments A and B underwent clear cutting and planting, but exhibited different total runoffs following 
these treatments. Catchment A with 37-year old plantation forest has a large forest interception capacity and control 
could the surface runoff similar to the natural forest function. Catchments B at 7-year old plantation has large surface 
disturbance from logging and planting activities. Surface disturbance potentially reduce the infiltration capacity and 
increase the surface runoff. Intensive management with agricultural activities between trees in the mix-plant model 
also increase the surface disturbance in the catchment. High surface disturbance and low canopy cover have 
increased the runoff coefficient dramatically in the catchment B.  
15 years after planting, catchment B had a slightly lower rate of surface disturbance from agricultural activities. 
Development of vegetation structure and establishment the individual terrace have contributed to increase the forest 
floor retention and produced a lower surface runoff velocity to the river channel. Lower rates of surface disturbance 
produced smaller DRO amounts, and a lower C in the catchment outlet. 
 
4. Conclusions and Recommendations 
The effects of the forest plantation on hydrological responses were investigated using two forested catchment 
sites. Implementation of mix-plant had a significant effect on catchment hydrology in terms of direct runoff, peak 
discharge and runoff coefficient. The data suggest strong linkages between forest ages, vegetation structure and soil 
conservation activity and the hydrological responses in the catchment. There were significant differences in direct 
runoff, peak discharge and runoff coefficient among the different periods of forest plantation.  The data suggest that 
DRO, Qp, and C increased dramatically during 7 years after mix planting, in comparison to the control catchment A. 
Implementation of an mix-plant forest method is effective in controlling the hydrological responses of DRO, Qp, and 
C. The results showed that the magnitude of DRO, Qp, and C during different forest treatments depend on 
interactions among rainfall, forest cover changes and surface disturbance. 
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Forest management practices should consider and attempt to minimize disturbance during each plantation stage to 
control runoff response. Adequate protection of the forest floor with strict control over logging activities, combined 
with soil conservation technique, may also reduce the impacts of logging on runoff. 
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